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High Precision Determiration of Vepor Fressures of
Metals and loys: I, Cadmium®

Richard J. Borg am® C. Zrmest Eirchemall

ABSTRACT

An apparatus is described for obtairning extremely high
precisioa vspor pressure data tased oa the FYmdsen effusiom me-
thod. The element OQ has been used to test the apparatus before
proceeding vith the imvestigatiom of certaix slloys. The data
obtaimed from this imvestiigation including the heet of vaxporiza-
tioa if (4 are Teported herein.

#Reproductioa in vhole or in part is permitted fcr axy purpoee
of the Umnited States Govermmeat.
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This report describes aspparatus vhich has een -~ozgir.ctnd
in order to measure the vapor pressures of mezals and alioys ¥ e
Kmudsen =ffusion me<lod. The reliability of <he appearztus hss een
establiszshed by determining the vspor pressure of solid (2. THese
measurenents are bclieved to be the most precise yet made =y “he
Kmudsen wmethod.

meeqfle'becenis:hmh?ig.l. The body Is machized
from solid 3/," temtalum rod. The cap, vhich comtains the effusiom
orifice, is made by wvelding a shallow molybdemm cup, drmwm Zrom &
ml solybdemm foil, to a threaded tamtalum ring. 7The cemter of the

cup 48 dimpled with a sharp pumch and this protrusiom is groumd of?f
lcaﬂ_aganoriﬁoeviﬁiam&edgemuwoem..
Pig. 2. vhichisapbatc-lcxographafanactznlcxiﬁceiams
section. 'meonficemisdzmbyméec*im’um
ommmwmdaﬂmMM-ng
severzl trscisze st various magnifications. The magnificatiom Is
determined for each separate setting of the metallograph with a
stage microneter. The area of the tracing is determined either Ty
transferiag the cutline t0 graph paper and coumting squares o vith
a planimeter. The precisiam of this determinaticy is indicated by
the sample results givem in table 1.

Table 1. Orlﬁcehuw

Area of Mognification Actual ¢ dev. Method
Tracing (cw®) Orifice’ Area  From Av.

Em?!
33.10 317.0 8, x 10-

38.22 : . 317.0 k. 796
k7.93 315.7 M 8O3 -
47.80 215.5 k. 799

The orifices used im this imvestigatiom are believed among the
smallest ever to be reported. It is therefore quite certain thast

o



the somditioms Zor effusive Tiow e coeped.

The mm;is‘a ol za MF-300 Comscliinted
Ziectrodysami~s cil &1iffusice pump tecked ¥ 2 kish —specity welo:
Do-Seal zeclaxicsl pomp. The pressiUe (s measured ty g Thillize
TH-00 ‘omizatiom gmage Wrick had teex rrevicumly calii-eted with
2 ¥Meleod caage. AL 30 Uime dxiag 2 TEPOC FTesSiTe I Joesg ‘e

The Smmece comsisleal & £ 271 2 x 157 slzedum core wWhick
iz eilent vousd vitk Fo. 15 Imwtlal i3 wire. Tower is supplied
o he Dcwace Ty e 115 hoose 1iwe amd Is cegrlsted Ty & power-
staz. The temperziie s comtrolied Ty a Vestom Tag Telecirey com-
—xlier wich recelive: = igml 2o 2 zhromel-aluee] <Zermoccople
LAL.‘V‘.IT@.&JWW X stainlegs sieel wes--
se.m iy stirred mixtue of molten II0. zad Cui{¥Gg )
Torides 3 comveniext g temperziie tati decamse It tas z vide
2eeful tempersiuce ruage zmd Aces ot zilack Zyrex. The empese-
mLWbim&aO.i%m&qmmd
ﬁek&aﬂ:&emwmwme-:‘cm-
ing a T=m. The extive Toaace ssseaabLiy (s coexterwrigiteld anl sus-
somite wheels which ride ca 1” x 1" sagle ivca Tacks. The “rmmce
my e rspifly ruised o lowerod sbout ibe vactum chember wkich com-
tﬁ’t&mall. The tempergice i3 deterwisad Tor 2 cplf.
reited Pt-Ft-ilh I taemcrowmpie {x divec: comtart witd the ceii.
"he emtire sseesbly Is illzstoated im Pig. 3.

TSR ES

witod of wveizkt loss. The exrmtifom msed Zor calecisting ke Topor
essxre i

i ?m f.&.lxl (15“ !2
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VbereAistheareaoftbeoriﬁceinmz,T‘;jthemrzmin
K, and ¥ is the atamic veight of the effusing species. A photo-
xicrogrzphi of am actual orifice, i.e.Pig. 2, perxits am estinmtios
of the thickness of the perinmeter. Por this particular orifice,
vhich s belleved %o De representative, ‘he edge thickness is =s5-
timated to be 0.0001l6" amd comsequently the CLzusing factor is
equated to onc. The tmcertainty {nmvolved in this approximation
camact alter the absolute values of the vapor pressures. subse-
quently to be givem, by more tham cne percenmt.

The experimental procedure is as follows: Tmei‘acell
and cap are first clzaned and ignited o a dull red Seat in vacoo
for several ximites. After cooling the cell is loaded with two
pieces of Bakers reagent grade(d weighing about tem grams. The
mnismm,wmmmmmm
coanected to the vacuuz systems. ﬁcxyxtaisthenmtgasndfor
sixteen hours with the cell held at a temperature of &0°C. The
effusionmmviththeﬁmbeingquicuyraimwa
positionvhichimsesﬂ:ece]ltoadebthott&nind:es. Yacan
aﬂteqerahmereﬁimmtakznafmﬂmﬁcinf&rﬂzmﬁl
the Thilips gauge is excluded from the system and ‘emperature resd-
ings are comtimned at thirty mimite intervals. Thé cxperinemt is
comcluded by dropping the furmace aml rapidly cooling the cell by
immersiag the vacunm chamber ia cald water. The temperature falls
100°C within a mimate after the furmace is lowered and there is,
therefore, essentially mno error arising from the terminatiom of the
rum.

m:eismmakavmmmwwﬁgg
Quring the initial period of the run) The lag varies with the
temperature of the furnace and the heat capeacity af the cell
comtents. Bowever, as the temperature of the ceil is Xmowa of ‘
each instat §n gmpirical formila may de spplied to correct far *
the initial departure from thermal equilidrium. A schamatic ver-
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siom of 8 Typical time-vemperztize Tirve “p showx Ix ¥4y, L.
Corrections are obtximed ‘r <he Ifolliowizs mazses: ﬁz-rwrpres-
sure 5 calcoleted using 1he flnxl eciliirsium '..en;-;;tm Te,
(See Fig. L), iz comiumctiox Witk the totel weight =ffiused sad
theﬂcinwtz-zg- This ylelis = sopewtgr Tigh velue
becanse the time izterrel is toc smsll. Tepor joesstres are cal-
culated iz ihis memmer for enuck meesrement sd These resilis zre
plotied agaimst 7 - om semi-log peper. The resultimg streiget
Lme Tas very mearly the cirrer: slope &8 itlhe percexisse e~ror s
Tery mearly the seme Tor facl measTemext. Tsiag thiz smept the
weligst loss durimg Ty " '?C may e tileimed sad sttirected Trom
the total weight loss. TZe rithmetic of these variocs steps mxy
e outlimed tims

13

R -
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2. & = . !
[
= C.P.A.T - 2
. =
z. o . = 5 - g 5,
- -
T e =2
zerval = - 1
e 0.
» p 1 x
k 8, = T E.x,. =z
Smy imy - 0°

whsre 5, dfi"zm&tm‘mm
to the midpaist of . The value ‘o ™ 4 ‘s ctiaimed “rom ite
experisents] ime-temperst<re graph sad ¥, ‘rom the ixitial g F
Sorrection was warraxied (x view of ile Jiler seurces 3 erroc.
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The data including the corrected pressures are given in Table 2.
These data represent all the measurements made but ope, which
vas ciea.rl;.r in error.

Table 2. Cd Vapor Pressure

T°K Orifice Area Tutal  Corr. t, - t, Pressure_ aH3(X.C.)
(cof x 10°3) Weight Weight (m x 10 3)
Loss(ng) Loss(mg) Sec.x10* l
497.1 2,483 2.54 2.26 2.736 1.254% 6.2
508.1 2.u483 2.93 2.77 1.920 2.2k .. 26.&
519.7 0.4799 5.3% L73 1.950 4,028 26.82
27.6 2.483 1.38 - 1.22 1.812 5.913 26.8
537.4 2,483 18.95 17.5% 2.80 9.3h8 26.81
550.9 0.4799 3.2k 3.02  1.6h4k4 17.@ 26.83

The emthalpy of vapnrizatiom at OPX, AHS is determined by saiv-
ing eq. 5 " - .

5. A8 = -2.303 RT [log P -5/> 1.63 T + B - k.369]
T

vhere B = B :ﬁg- J CP(T)dT
) o] 0

Kthough values are to be fouml elsewhere in the literatured, the
present authors recalculated B making use of the more recemt heat
capacity data of Smith and Walcott® amd Craig amd Co-workers.3
Above 300°C the equatiom givem for the heat capacity by Kubaschewski
and Svams* vas used. The results of these calculatioms at the per-
tinent temperatures we givem in Table 3. 4

Table 3.

™K B
497.1 2.222.
508.1 2.2k9
519.7 ~° 2.2T7
527.6 2.295
537.4 2.319
550.9 2.550

The enthalpy of vaporizatiom is 1Ocal. laes at 298.2°K than at O°F
thus a value of 26.61 + 0.01 K.Cal is obtsimed for AH’,ee. This
figure is compared with other critically selected values im Table A.
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Teble 4. Ewthalpy of Veporization of C3

£8%208 Reference

26.01 + 0.01 ., thls work

26.78 + 0.05 "Selected Values etc.”S
26.75 + 0.05 Kubaschewsk! and Zvaxs®
27.a1 kelley®

'Z::emumarulablznethod'o’checnngtheaccmcy
oftheabmtemgnitmco'mvupormm m,.intbe
case of Cd the experimestal results for the ligquid phase are iz
good agreement. The value of the vspor pressure at the meltimg
poimt givem by the most recemt compilatiom, 'Selected Values etc.'S,
18 1.38 x 10 * atm. amd 1.29 x 10 * aun.sthen._mobmned‘-—yq
extrapolatixtmdthareportedm ’

Astheresultsofthisimtﬁgst‘mmingoodm-
wment vith other previously reported values wo effort vas made to
tatmlate free emergy fumctions which wonld omly duplicate those
already in existemce,
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